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NOTES ON THE IGNEOUS ROCKS OF THE ENGLISH LAKE DISTRICT. 

BY ALFRED HARKER, M.A., F.R.S., F.G.S. 

I . — T H E ORDOVICIAN VOLCANIC SERIES. 

This series is divisible stratigraphically and petrographically 
into several distinct groups, the distribution of which in the district 
has been indicated by Mr. Marr.* 

(a) Falcon Crag Andesite Group.—These rocks are found chiefly 
in the country south of Keswick and eastward to the St. 
John's Vale. They are pyroxene-andesites, and thin slices 
show under the microscope sometimes hypersthene (con
verted to bastite), sometimes augite, sometimes both. To 
the eye the rocks are pale greenish to dark grey, with a 
compact ground-mass, usually containing scattered minute 
porphyritic felspars, or more rarely abundant crystals up 
to I inch in length. Many of the flows are amygdaloidal. 
There are rare flows of more basic lavas, besides some tuffs. 

(b) Eycott and Ullswater Basalt Group.—The most widely dis
tributed group of all. The basalts, like the andesites, often 
contain altered hypersthene; they are sometimes rather 
rich in magnetite, but olivine does not occur. These rocks 
are usually darker and denser than the andesites, but a 
discrimination is not always possible in the field. Part 
of the rocks are porphyritic, and in some there are con-
spicuous crystals of felspar (bytownite or labradorite) which 
on Eycott Hill reach a diameter of an inch or more. Amyg
daloidal varieties are found. Basic tuffs are sometimes 
intercalated among the lavas, and in some places there are 
andesitic flows included in this group. 

(c) Scawfell Tuff and Breccia Group, with Kentmere-Coniston 
Slate-Band.—This group presents itself under two different 
phases. (1) In the central mountains it consists mainly of 

*Proc. Geol. Assoc., 1900, Vol. XVI., pp. 453-459, with map (Plate XIII.) 
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well-banded fine tuffs and volcanic breccias. The tuffs 
are finely laminated and sometimes contorted. In places 
they have been converted into a kind of hornstone. The 
breccias contain fragments of various volcanic rocks, and 
are often of coarse texture. The recognisable fragments 
vary. About Sty Head and some other places a consider
able thickness of breccia is characterised by angular fragments 
of pink compact rhyolite ; in other places basaltic fragments 
prevail. Both tuffs and breccias often contain little red 
garnets, easily visible to the eye. These are probably of 
metamorphic origin ; but some of the intrusive rocks of 
the district also contain garnets, which there seem to be 
a primary constituent. Garnets, it may be remarked, 
are especially frequent in a puzzling set of rocks occurring 
immediately below the Scawfell group, and considered 
by Mr. Marr to be intrusive : these will not be discussed 
in this place. (2) The fragmental group (tuffs and breccias) 
reappears further south in a highly-cleaved condition, and 
is extensively quarried for slates. These are too well known, 
as regards their general appearance, to require description. 
Most of the rocks of this group are of medium acidity, but 
both basic and acid varieties are represented, according to 
the preponderance of one or other kind of material among 
the constituent fragments. 

(d) Shap Andesite Group.—This higher group of andesites forms 
a strip running from Torver, near Coniston, to the Shap 
granite. The rocks are amygdaloidal augite-andesites, 
hypersthene being apparently absent. 

(<?) Shap Rhyolite and Yewdale Breccia Group.—This group 
forms a strip immediately south of the preceding. The 
rhyolites are of very compact appearance, and rarely show 
any conspicuous porphyritic crystals (never porphyritic 
quartz). They are sometimes grey and rather flinty looking, 
sometimes duller with a pink or cream colour. The micro
scopic structure is variable, and depends largely upon 
secondary changes; some varieties, as about Stockdale, 
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are mierospherulitic; some show partial replacement by 
secondary quartz. In places, and especially at Great Yarlside, 
nodular varieties occur, the nodules often being one or 
two inches in diameter and sometimes six inches. They 
represent large spherulites (and probably in some cases 
lithophyses), which have been greatly altered, the original 
structures being obscured or obliterated, and the spheru
lites partly or wholly replaced by quartz and other substances. 
In places there is a considerable thickness of tuffs and 
breccias at the base of the rhyolite group. These frag-
mental accumulations are not all of acid composition, and 
they differ from the tuff's, &c, of the Scawfell group in 
containing sometimes a certain amount of detrital material, 
chiefly sand-grains ; while some beds again are calcareous 
tuffs. 

I I .—INTRUSIVE ROCKS, OLDER SUITE. 

The rocks included here are closely associated with the Volcanic 
Series, and probably belong to the same great period of igneous 
activity, though their intrusion succeeded the extrusion of the volcanic 
rocks. The age of the intrusions is, however, a matter of inference 
rather than demonstration, and much more information is desirable. 
It is at least certain that a considerable number of the rocks are 
older than the epoch of the principal crust-movements. 

(a) Granophyres. The Ennerdale and Buttermere granophyre, 
occupying a considerable area on the west side of the dis
trict, is a pink fine-textured rock with indistinct quartz-
grains and crystals of felspar. Thin slices show it to consist 
mainly of micropegmatite. There are chloritic pseudomorphs 
after augite and biotite. A number of smaller intrusions 
of granophyre (most of them, if not all, augitic) occur in 
the district. Some, such as that of Blea Crag, Langstrath-
dale, contain small garnets. The well-known Armboth 
and Helvellyn dykes, also garnetiferous in places, are miero
spherulitic rocks, with porphyritic crystals of quartz and 
felspar which serve as nuclei for the spherulitic growths. 
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(b) Microgranites.—A well-known rock of this type forms two 
considerable masses at the foot of St. John's Vale, and is 
quarried at Threlkeld. This is a fine-textured grey rock 
with small porphyritic felspars scattered through it. These 
are oligoclase. Flakes of biotite are also present, and the 
general mass of the rock is a mieroerystalline aggregate 
of quartz and felspars. Smaller intrusions of mierogranite, 
both dykes and sills, are found in several parts of the dis
trict. 

(c) Quarts-porphyries and Quartz-porpkyrites.—These are included 
together, because it is scarcely possible to draw any line 
here between the truly acid and the sub-acid rocks. Dykes 
and sills are found at numerous localities, and occasionally 
more irregular intrusions (e.g., Wansfell). The rocks 
are in nowise remarkable. Small crystals of quartz and 
felspar are visible in a compact grey or pink ground-mass, 
which under the microscope may be either mieroerystalline 
or cryptocrystalline. The ferro-magnesian element, which 
is never abundant, may be biotite or sometimes augite, 
and both are often chloritised. 

id) Dolerites or Diabases.—The distribution of these rocks is 
sufficiently indicated on the Geological Survey Map. They 
form dykes and sills, and exceptionally a small boss (e.g., 
Castle Head, Keswick). They are mostly ordinary dolerites 
without olivine, often considerably altered with production 
of chlorite, &c. Usually they appear in the field as dull, 
dark-coloured, medium to fine-grained rocks, without 
porphyritic elements. The Castle Head rock, however, 
has porphyritic augites, and is in places micaceous. 

(e) Basic Diorites or Olivine-Diorites.—These rocks are of limited 
distribution, forming irregular, sheet-like or laccolitic masses 
at Little Knott and Great Cockup in the Skiddaw Slate 
area. They have been described as hornblende-picrite, 
and are black, rather coarsely crystalline rocks, composed 
mainly of hornblende. Thin slices reveal spots which 
probably represent destroyed olivine. 
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I I I .—INTRUSIVE ROCKS, YOUNGER SUITE. 

The granites of the Lake District, with their related dykes, are 
to be referred to the Old Red Sandstone period or to the interval 
following the Silurian, and their intrusion seems to have been con
nected in some way with the crust movements which have imparted 
a peculiar character to the district. 

(a) Granites.—There are three considerable masses of granite, and 
these present very different petrographical characters. The 
Skiddaw granite is seen in three distinct areas, which are 
inliers probably of a large concealed mass. In the southern 
area (in Sinen Gill), and the middle and largest one (in the 
Caldew Valley), the rock is a biotite-granite, with only oc
casionally a little white mica ; in the northern area (near the 
junction of Grainsgill with the Caldew) both micas are essential 
constituents. The normal rock is a medium-grained granite 
of light grey colour. In Grainsgill, however, it gives place to 
a greisen, composed essentially of quartz and white mica. 
The Eskdale and Wastdale granite is a moderately coarse 
rock, either reddish or grey, with dark mica only. In thin 
slices it is found that microline and microperthite often play 
an important part, and in some varieties of the rock micro-
pegmatite. The third granite, that of Shap, forms a plug
like mass, not, like the other two, an irregular sheet. It is 
a biotite-granite with large red crystals of orthoclase in a 
medium-grained ground. Thin slices show that sphene is 
rather abundant. The rock is never micropegmatitic. A 
characteristic feature of the Shap granite is the frequent 
occurrence in some places of ovoid patches, an inch or two in 
diameter or larger, of a black fine-grained modification, much 
richer in biotite and sphene than the normal rock. 

(b) Quartz-porphyries.—A number of dykes and some sills, especially 
in the area about the Shap granite, are to be referred to this 
suite of intrusions, and are doubtless related to the granite. 
They have biotite as their ferro-magnesian element, and, in 
addition to porphyritic quartz, some of them contain relatively 
large crystals of felspar. 
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(c) Mica-Lamprophyres.—These dyke-rocks, sometimes termed 
" mica-traps," are too well known to need description, their 
richness in biotite being a very striking feature. It may be 
mentioned that, while the typical lamprophyres are strongly 
contrasted with the often associated acid dykes just mentioned, 
we find in certain places varieties intermediate between the 
two (e.g., Stakeley Folds, near Shap Wells, and Long Sled-
dale.) 

The remaining intrusions probably belong to a still later period. 
There is no direct evidence of their age, except the fact that 
they are younger than the great crust-movements ; but their 
very close petrographical resemblance to Tertiary Rocks in 
other parts of Britian raises a certain presumption that they 
belong to the same period. 

(d) The Carrock Fell intrusions.—The principal rocks here are two, 
gabbro and granophyre. The gabbro is a highly variable 
rock. Usually it is of medium or moderately coarse grain, 
only exceptionally very coarse, with large lustrous crystals 
of augite. The central part of the mass is a quartz-gabbro, 
the quartz sometimes visible in interstitial grains, but com
monly in micropegmatite detected only in thin slices. The 
augite has a strong striation parallel to the basal plane. This 
relatively acid rock passes gradually through normal gabbro 
(i.e., without quartz), into an extremely basic rock at the edge 
of the mass. Here felspar is reduced to a minimum, and 
about one-fourth of the rock is made up of titaniferous iron-
ore. The granophyre has the dull confused aspect character
istic of a micropegmatitic rock, and contains scattered crystals 
of oligoclase and abundant little dark specks, which are 
augite-crystals. 

(e) Dolerite and Andesite Dykes.—A few dykes have been observed, 
and possibly more remain to be detected, which resemble 
known Tertiary dykes, and are perhaps to be referred to 
that period. They are apparently less basic on the whole 
than the older dolerites, and they are in a fresher 
condition. 
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The foregoing include all the more important igneous rocks of 
the district. Since one object of these brief notes is to assist in the 
identification of Lake District boulders in other areas, it is desirable 
to point out which of the rocks have sufficiently distinctive characters 
to be recognised with tolerable certainty. The following include the 
most important for this purpose : the porphyritic hypersthene-basalts 
(Eycott type), the amygdaloidal andesites, volcanic breccias with 
pink rhyolite-fragments, garnetiferous breccias and tuffs, the banded 
tuffs and the hornstones, some rhyolites and especially the nodular 
rhyolites, the Threlkeld microgranite, the Armboth type of grano
phyre, the olivine-diorite (Little Knott type), the three different kinds 
of granite, and the different varieties of the Carrock Fell gabbro. 
The quartz-gabbro, it may be mentioned, is often indistinguishable 
from the coarse type of the Whin Sill in Teesdale, and it is possible 
that some records of " Whin Sill " boulders require reconsideration. 
Some of the metamorphosed rocks bordering the granitic intrusions 
are at least as distinctive as many of the igneous rocks themselves. 
The chiastolite-slate of Sinen Gill and the more highly metamorphosed 
rocks, with andalusite, cordierite, &c, in Grainsgill and the Caldew 
Valley should be noticed ; and again the metamorphosed basaltic 
lavas near the Eskdale granite. The metamorphosed volcanic rocks 
are even more characteristic near the Shap granite, the basalts on 
the north side becoming black splintery rocks with hornblende, 
pyrites, and other new-formed minerals, and the andesites on the 
west being converted into dark glossy rocks rich in minute flakes of 
biotite. 
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